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The chemical constituents of cigarette smoke are greatly di¬ 
luted in environmental tobacco smoke (ETS). In the typical in¬ 
door environment where cigarettes are smoked, the mean value 
of respirable suspended particles is approximately 0.1 mg/m^. 
In this study, we used aged and diluted sidestream smoke (ADSS) 
of! R4F University of Kentucky research cigarettes as a surrogate 
for ETS and exposed Sprague-Dawley rats nose-only to 0. 0.1. 
1.0. and 10 mg wet total particulate matter (WTPVI)/m^ for 6 
hr per day for 14 consecutive days. DN.A from lung, heart, larynx, 
and Liver was tested for adduct formation after 7 and 14 days of 
exposure and after 14 days of recovery. In addition, alveolar 
macrophages from animals exposed for 7 days were examined 
for chromosomal aberrations. Exposure-related DNA adducts 
were not observed in any of the animals at 0.1 or 1.0 mg WTPM/ 
m^, which represent ambient and 10-fold exaggerated ETS con¬ 
centrations. respectively. Slight diagonal radioactive zones, 
characteristic of adducts observed in human smokers and in an¬ 
imals exposed to mainstream smoke, were observed, but only 
in lung and heart DNA of animals exposed to the highest con¬ 
centration of ADSS (10 mg \VTPM/m^), a 100-fold exaggeration 
of typical field measurements of ETS. The mean relative adduct 
labeling values (-SE) were 8.7 (±0.2) adducts per 10’ nucleotides 
for lung DN.A and 5.7 (±0.7) adducts per 10’ nucleotides for 
heart DNA after 14 days of exposure. No elevation in chro¬ 
mosomal aberrations was observed in alveolar macrophages. 
These results indicate a no-observed-effect-level (NOEL) of 1.0 
mg/m^ for DNA adduct formation in lung and hean and a NOEL 
of at least 10 mg/ m' for the induction of chromosome aberrations 
in alveolar macrophages under the conditions of this study, 
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The biological significance of exposure to environmental 
tobacco smoke (ETS) has emerged as a subject of intense 


public discussion, ETS consists of sidestream smoke fSSi. 
emitted from the burning end of a cigarette between pulls, 
and exhaled mainsiream smoke (MS), Condensate from both 
MS (Doolittle er fl/,, 1990a; Lesetai.. l990b)and SSiDooi- 
ictle ei ai. 1990b) have been reponed to be genotoxic in 
viiro. Several in viim studies (Claxion ei al.. 1989; Lcwias ei 
ai.. 1987; Ling ft a/.. 1987; Lo froth era/,. 1988: Lofroth and 
Lazardis, 1986) have reported that concentrated ETS par¬ 
ticulate matter is mutagenic. .Although cigarette smoke or 
its condensate is positive in many genotoxiciiy endpoints, 
its potency is very low compared to other complex mi.xtures 
to which humans are exposed, such as coke oven emissions, 
roofing tar, and diesel exhaust (Williams and Lewias. 198y i. 
Recently. Lewias et ai. (1991) estimated that the lumor-ini- 
liating potencies for the extractable organic matter from coke 
oven emissions and urban air are 1000- and 100-fotd higher, 
respectively, than that of cigarette smoke condensate (CSC l. 
They also concluded that the levelsof DNA adduct formation 
with these complex mixtures correlated with tumor potency. 
In marked difference to concentrated smoke, constituents in 
ETS are highly diluted. Therefore, the cntical question is 
not whether highly concentrated ETS is genotoxic in vnro 
but whether ETS. at its normal concentration range, is geno¬ 
toxic in vivo 

The measurement of DN.A adducts by the ^“P-posllabeling 
assay (Randerath ei al.. 1981; Reddy and Randeruth. 19861 
is one of the best ways to assess DNA damage following 
exposure to complex mixtures. It is generally accepted that 
the majonty of genotoxic chemicals are convened metabol- 
ically to electrophiles which attack nucleophilic centers in 
nucleic acids and proteins, resulting in the tormation ot co¬ 
valent adducts (Miller and Miller. |981: Hemminki. 19831. 
Therefore. DN A adducts serve as an indicator of exposure 
to genotoxic chemicals. The P| nuclease enhancement ver¬ 
sion of the ^*P-posilabeling assay (Reddy and Randerath. 
1986) is sufficiently sensitive to detect one adduct per 10 
to 10'’" nucleotides and therefore is ideally suited for com¬ 
plex mixtures of unknown chemical composition. Using this 


Copyn^l ^ WQ? by the Sooieiv oi TomlOiOi^a 
n^i5 of reproduction m anh rorTn rcsep-cc, 


PM3006447514 


Source: https://www.industrydocuments.ucsf.edu/docs/lqjj0001 



U2 


LEE ET AL. 


k: 


assa\, several sludies have reported DNA adducts in rodents 
foilowtng inhalation exposure to cigarette smoke iGupta I't 
a!.. 1989', Bond e; al.. 1989; Gairola and Gupta. 19911 as 
well as alter skin painting with CSC (Randerath ei ai.. 1988; 
Reddy and Randerath. 19901. .Adduct assays have been ex¬ 
tended to include other comple.x mixtures such as diesel ex¬ 
haust (Wong c; a/.. 1986; Bond a/.. 1989. 1990; Gallagher 
el ai. 19901. coal soot (Gallagher ei a!.. 1990). and lubricating 
oil (Schoket et ai. 1989). However, studies on the formation 
of DNA adducts in experimeniai animals after cigarette 
smoke exposure at or near the concentrations found m ETS 
ha\e not been reported. 

^RecentK . RIthidech tVuf (1989) reported that pulmonary 
alveolar macrophageslPAMlof rats exposed to mainstream 
cigarette smoke developed chromosomal aberrations, thus 
demonstrating the usefulness of these cells as a tool for 
studying the cytogenetic effects of cigarette smoke in the rat 
lung. 

In the present study, aged and diluted sidestream smoke 
(.ADSSl was used as a surrogate for ETS, Cyiogenetic damage 
in P.AM and covalent DN.A adducts in several internal organs 
of rats vvere assessed follow ing exposure to different concen¬ 
trations of ADSS for 14 consecutive days, 6 hr/day. The 
results demonstrate that chromosomes in P.AM are not 
damaged and that adducts are formed only in the lungs and 
heart of animals exposed to the highest concentration of 
ADSS (10 mg WTPM/m’)- DNA adducts were not detectable 
at 0.1 mg WTPM/m \ a typical concentration of human ETS 
exposure, or at a 10-fold higher concentration of 1.0 mg 
VVTPM/mf 

MATERIALS AND METHODS 

Materiais. [',-■■P]ATI^ <3000 Ci/mmol! obtained from New 
trtfiland Nuclear iVVilniirtjlon. DEV MiCfOCOcca! nuclease 1100-200 units/ 
mgi and nuclease P, (25? uniis m^j were Dhtamed from Sigma iSi Louis. 
MOy. Calfspieen phosphoOicSicrase 12 unils/mjt) was irblained >rom Boeh- 
nnger-Mannheim ilndianapohs, INi. Polveihylenejniine (PElOceilulose- 
coaied Ihin-lakcr chromatographic iTLC) sheets iMachery Nageli were ob- 
lamed trom Bnnkmann ScienuHc t Westhury. N'Y'i. Ta polynuclcoude Vjnase 
uas obtained from CIBCO-BRL (Gauhersburg. MD). 

Expirimentai animals. Experimeniai animals have been described else¬ 
where iCoggirts tV cif 1992) Brierts. 5-wcek.-old Spraguc-Dawle\ raisiCharlcs 
Riser. Raleigh. NCi were acchmaied for 2 weeks pnor lo exposure in 2- 
.uhic-meiersiainJess-steel inhalation chambers. The animal rooms had con¬ 
trolled hghung { l2 hr dark and 12 hr light), temperature (20-2d'C). and 
humidiiy i4o-fs0'' relatise humidity). .Animals were allowed unrestricted 
jccess to Iced i Punna Rodent Chow 5002) and distilled water, cxccpi; dunng 
the smt’ike exposures. 

Smoke generation and exposure conditions. Smoke generation and e.x- 
posurc condiitcms have been described iCoggtns <7 di. 1992i. Bnelly. smoke 
was generated from IRJF research cigareiies with a 30-port AMESa gen¬ 
erator il.'H Techfiologjes. Westwood. NJ) hticd wnh an aluminum cone for 
collection oi'sidestream smoke Cigarettes were smoked according to the 
Federal Trade Commission meihnd ta 35*ml pulF of 2 see duration, once.' 
mini except that instead of a rued hull Icnaih. a h.xed number of putfs 
[sexeni was taken tBaumeanner and Coggin.s. |9S0; Ayres <7 di.. |990). 
Main.siream smoke waso.xhausted and discarded and ihe sidestream smoke 
wasdrawn inio a common pienum. Diiferem amv>unts of sidestream smoke 


were provided for each chamber and mixed wiih diJuiK'n an drawn irixm 
ihcantmai room ihrough HEPA fillers largei concernruitons lor susex-ndec 
particulates were 0. 0,1. I. and lO mg, mE.xposures were idr ^ hr per Ju\ 
for M consecutive dajs. 

Experimeniai design. For the DNa adduct assay, rats were djxidcd mio 
lour groups: sham, low tO, I ma ^'•TPM./m ’). medium < I .U mg TPM. m 'i. 
and high exposures i lO.O mg VS TPM'm'). Each group coniamcd i2 male 
animals. Four animais in each group were killed after 7 and U Jays of 
exposure for DN.A adduct analysis. The remaining 4 animaK in each group 
were kept for a further M days without smoke c.xposure forthe reversibility 
study. 

D\.4 tsofaiton and digestion. SVhoie lung, heart, li\er. and larynx tissues 
were weighed and homogenized in Hanks’ balanced salt soluiion iHBSS. 
Ca*'- and Me-’- freei. Homogenates were centnfuged and the supernaiani 
extracts discarded. Pellets •were resuspended m HBSS. OS.A was isolated on 
a Genepure 341 nucictc aeiJ penheauon system i.Applied Biosystems. Inc.. 
Foster City. C.A) by solvent e.xtraciion and enzymatic digestion of protem 
and RNa. DNa concentration was estimated specirophotomeincally ' 1 I>. 

= 50 ug DN A;ml). .Absorbance ratios i260’280) ofall DNA .samples ranged 
froTTi l -h to 1.3. Samples of DN A were digested essentially as desenbed hv 
Gupta tV J/ (19821 with minor modificauons. Five to 10 ug of DN A was 
digested for .'.5 hr al 3*''C ;n a lolai volume of 10 containing 0.6 C of 
micrococcal nudease and 5.0 of spleen phosphodiesterase (dialyzed 24 
hr agamst water) in IC*2 msi CaCb and 200 m.M sodium succinaie hulfer. 
pH 6.0, 

^'P-post(aitelittg assay. The nuclease Pi procedure iReddy and Ran- 
deraih. I986i was used as described with slight modihcations. DN,A digest 
samples were mcubaicd lor 45 min with nuclease P. under the fobowine 
conditions: lo 10 ul of DN.A digest was added 4 al ol'd solution containing 
each of the following: 2.0 ul of nuclease P; i4 ug.^uh. 0.7 ui of! mM ZnCb. 
0,7 111 of 0.4 M sodium acetate. pH 5.0. and 0 6 yl of distilled, deionized 
water. Immediately following nuclease P, treatment. 2.0 ulof 10 mst Ches- 
NaOH- pH 9.6. was added. DNA digests then were rcacied wiih 7? uCi of 
l 7 -^-PfATP using 4.5 U of Tj polynucleotide kinase and kinase buffer (20tj 
mM Ches-NaOH. lOO mxt MaCb. iUO mM dtihioihreitol. and 10 mM sper¬ 
midine. pH 9 6). Separation of the ''P-labded adducts was on PFI-celiulose 
TLC sheets using the following solvents: Dl. i.O m sodium pho-Sphaie. pH 
h.'.Movernight onto a wick): D.C 5 m lithium forinate. 8 5 m urea. pH 3.5. 
D4. 1.2 M lithium chlondc. 8.5 m urea. 0.5 M Trs base. pH i) «on:o a 
wicki: D5 1M sodium pnosphaie. pH 6 0 (overnight onto a wick i 

Qaantifkation of D\A adducts. For each batch of [’-P|.ATP. the spccihc 
jctivuy •wasdeicrmlned by measunngihe kmase-caialyzed incorporated csi 
radioaciiMiy into 10 pmol of 2-deoxvadcnosine 3'-monophosphate (Reddy 
and Randerath. 1986). Values of specihe activity fell within the ranee of 15 
to 2.5 ' 10" CPM/pmol. TLC maps were wrapped in Mylar plastic and 
scanned for 8 hr using the aMBIS radioanalytic imaging system i AM01S 
Systems. Inc.. San Diego. CA) under an argon atmosphere. A 3.2 • .LI- 
mm resolution plate was used. The counting efficiency averaged approxi- 
maielv 20'T-. The aMBIS rjdiaanalvuc imaging system is a computer-con¬ 
trolled imagine svsiem which directly quanlihes radiation. Its use in ’• P- 
posilabeltng assay of DNA adducts has been reponed (Tuneiiaub <’! u. 
1990). The system has u two-dimensiona! proponional detector composed 
of 952 elements that simultaneously detect multiple d emissions, 
patterns are rcpiicawd m the resulting computer picture which is displayed 
as a hiBh-resolution image on a video monitor. Results are siored m per¬ 
manent data hies. Computer-generated images of ;hc adduct maps xvere 
marked and scored for radioactivity. Background from the adjacent area 
was subtracted The amount of adducts present in each sample was calculated 
from the ndiouctnity present .n adduct spots or zones and the jpecuic 
acuxiiy of the [n-'‘P 1.ATP usee, and expressed as total number of adducis^ 
l(.)^ nucleotides. In our evpcncncc. ihe images produced on ihe rnomior 
eaual. and often e.xczed. those of conventional autoradiography. The relative 
adduct iarcling iR.ALi values calculated from \.MB15-gcncratcd data we*-c 
compared wuh those obtained by autoradiography and liquid scinuUaiion 
counting. Results were comparable 
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lit vitro modification of D.\A viih CSC. One milligram nflring DNA 
isolated from Sprague-Dawles rais isas treated with 5 me 'in :00 ul of 
DMSO) ot CSC from Kentucky Reference 1 RaF ctearcues in the presence 
ot an S9 metabolic aciivaiion system. The Sa liver homogenate lohiained 
Jrom .klolecular Toxicology. -Annapolis. MD) was prepared according to 
Ames iV jf I IdfSi. The concentration in the mi.x was .'T (v vi and 5.0 
ml of the S9 mi.x was added to the reaction tube. The reaction mixture was 
incubated for 5 hr at jT^C. DN.A was extracted with the .ABl Genepure 
extractor. 

In vivo modificarion wiih f>enccio\p}Tene. Female BbCjFI mice 

were given a single ip dose of ao or 60 mg;kg of beneo(cjpy rene B(ajP in 
0,1 ml of DMSO corn oil(50,'5r) v w i Livers were collected a: hr after B(!j|P 
administration DNA was extracted bv the A.S. \,P genomic DN A isolation 
kit (Boehringer-.xlannheimi. 

Futmonar}- alveolar macrophage isolarion and analysis of chromosomal 
'aterraiipa, Immediailey following the sctenlh consecutive dailv ADSS 
exposure period, animals were iniected ip wnh colchicine (b mg, kg. I 2 mg,' 
ml colchicine stock soluiiuni Four hours later, the animals were killed bt 
asphvxialion wnh "O'P carbon dioxide iCO;) and the iracheas were can- 
nulated with I AG iv catheters. The lungs and hean were removed as a block 
and placed in icc cold HBS5 without Mg'" or Ca-' for ."'0 to bO mm. The 
lungs were lavjged repealedh Ihrough the cannula using a iti-mi svnnge 
hlled with ' ml of ice-cold HBSS After the lungs were ftlled. ihev were 
massaged lor I min and ihe lavage iluui was removed and placed in a rO- 
ml centrifuge tube on ice. Lataeing and ma.ssagine continued until approx- 
imaieK ml olTavage fluid was collected. The lavage l1uid was ceninfuged 
and the supernaiam fraction drawn otf. The pellet was resuspended in ptc- 
warmed ijT'Cl "5 msi KCI and incubated at .>7°C for 25 mm. After cen- 
tnfugaiion. the cells were lixed first with P: I absolute .MeOHigiaciai acetic 
aCid and then three more limes with Carnov s hxaiive i): I absolute .McOH: 
glacial acetic actdl. Melaphase spreads were prepared Tw o slides per animal 
were stained tor ’’ mm wnh Gicmsa diluted 1:20 t lO ml Giemsa. 190 ml 
distilled H:Ot and mounted with coverslips using Depex mounting medium. 



FIG, I. Comparison ol TI.C maps of lung D.N A from Sprasue-Dawiev 
rats exposed to aged and diluted sidestream smoke for :a davv ■ Ai sham 
evpv'sure; iBi low exposure lU 1 me ViTPM m''; iCi medium, exposure 1 1 •} 
mg kv rpM, m-'f IDI high exposure i ! 0 mg XX'TP.M m'l TL Cs were scanned 
for -f nr wnh aMBIS radioanalyiic Imaging svsiem. 



FIG. 2. Comparison of TlC mapsnfhean DN A from Sprague-Dawie-. 
rats exposed lo aged and diluted sidestream sinoke lor : a days: > A i sram 
exposure: iBl low- exposure id. I mg VvTPM.m'r. iC'i medium c.xposurc i !.0 
mg WTPM.'m^: iDl high exposure 1 10 mg A TPM m'l. TLCs were scanned 
for 3 hr with AMBIS radioanaiytic imaging system. 


Fifty metaphases for each animal were scored for chromosome aberrations 
where possible. Sometimes 50 scorable cells were not available. Scareny of 
scorable cells is not a sign of toxicity, but is due to the very low- mnotie 
mde.x of PAM iPinkett c; :ii |9e6: Evans and Bills. : 06 v)i Sconna -.vav 
done without knowledge oi trcaimert group. 

Statistical analysis. Statistical significance : r M.i'i.S; was cMiliiJied bv 
analysis of vanance Ayr DN A adduci data and by Fisher s exact tesi ictr 
chromosomal aherraiiori data. 

RESULTS 

After 14 exposure days, no overt signs of loxicity or sig¬ 
nificant body weight differences were obserxed between any 
of the exposed groups and the sham controls. Exposed lungs 
were not pigmented and the only histopalhological changes 
obserxed were mild hyperplasia and inflammation of the 
nasal caxity in the high-c.xposure group only iCoggms tV ai. 
149di. These changes were reversible. 

-^-P maps of DN'A samples from lung and hean tissues 
from animals in the highest exposure group t iO mg w TPM,' 
mM e.xhibited slight diffuse diagonal radioactixe zones f DRZ) 
extending from close to the ongin into the center of the chro¬ 
matogram. Lung DN,-X from animals in the highest exposure 
group no mg '■XTPM./mft exhibited DRZ after " and 14 
days of exposure and the DRZ was still present after a 14- 
day recoxery penod. Heart DNA also exhibited faint but 
recognizable DRZs in the highest exposure group but only 
after 14 days of.exposure and after the I 4-day rcestvery pe¬ 
riod. .Adduct maps of lung and heart DSA from the four 
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FIG. 3. TLC maps o^'B[tJlP-DNA adduce from liver of mouse mjecied 
ip wiih 40 mg/kg of B|a]P(.M and CSC-DN,4 adduci prepared .01 i.ir.i iBi. 
TLCs were scanned for 8 hr "i!h A.'vlBlS radioanaivlic imaging svsiem The 
R.4L values arc S.i4 adducts per II)' nucleotides for B[alP-DNA adducts 
and 55 adduces per 10' nucleotides for CSC-DN A adducts- 


eAposure groups are shown in Figs. 1 and 2. respectively. 
The liver and lary nx did not exhibit exposure-related adducts 
at ans concentration or time point. Maps ofCSC-DN’.A ad¬ 
ducts from !i! viirn reactions and B[i 2 jP-DN A adducts from 
liver of mice injected ip with B[alP are shown in Fig. 1 
Mean R.AL values of the four organs (lung, hean, liver, and 
larynxi after 14 days of exposure are presented in Fig. 4, 



lung heart 


FIG. 5. Comparison of R.AL values I mean = SE. n = 4i of DN.A adducts 
in lung and heart after '• and i4-dav exposures to high concsniraiion < Hi 
mg WTPM.-m^l of aged and diluled sidestream smoke and alter a la-Oav 
recoverv penod Differences between the groups were tested bv ANOV a. 
•Slgnihcamly different I p < d.05 1 from sham control. (■) Sham. iCjI ' davs. 
iCj 14. tia>s ,'--1 l4-d3> rcjC'*-er* 


Only the lungs and heart from the highest smoke exposure 
(10 mg m') contained adduct concentrations signiricantly 
higher than sham controls. The R.AL values were 7 to 10 
adducts per 10'* nucleotides (21 to 30 amol/ug DNAl for 
lung and 4 to 7 adducts per 10'^ nucleotides f 12 to 21 amol.’ 
ug DN.A) for heart. In both lung and heart, the amount of 
adducts was siiriilar ai the end of the 14-day exposure period 
and after the 14-day reversibility penod (Fig. 5). 

The results of the chromosomal aberration assay in P A.M 
after 7 consecutive exposure days are presented in Table 1. 
Positive control animals injected with cyclophosphamide 
exhibited a statistically significant increase m chromosomally 
aberrant cells; however, no statistically significant increase 
in ceils with aberrations was observed in smoke-exposed an¬ 
imals. 



?'[G. 4, RAL v vilucb ^ z SE. = 4) of DN.A adducis in tissues oi 
Sprague-Dawles rais jfier i I4.<jay exposure lo a nig,h concemriiuon ' Ifi 
Vk'TPM.'m'i ofjficd jnd diluted sidestream smoke. Differences rutv-cen 
the groups sAcre tested b> .aNOV ‘SignificantK diiTercnt i p < O.dfi iiom 
shum control. <■> Sham: (IjI iow. tl.i mg VVTPSt/m-: fZi medium, i ma 
(I.) .mgh. Id mg WTPM. m' 


T.ABLE 1 


Chromosome .Aberration Analysis in Pulmonary .Alveolar 
Macrophases of Exposed to .Aged and Diluted 
Sidestream Smoke for 7 Days 


T real mint 

Numbir 
NumOerof of ceils 
animals analyzed 

SumlYr of 
aberrant 
cells 

Percentage 

cells 

aberrations 

Sham ixposare 

150 

: 


Low evposure 

iO, 1 mg NATPM.'m ; 

4 184 

- 

‘.1 

Medium exposure 

1 1 0 mg WTPM.-m ' 1 

t 

() 

0 

High exposure 

1 10 mg TP.M. m "i 

.1 I'O 


4.,) 

CNclophosphamide 

' 10 mg.-kej 

: 54 



Saline u) 5 ml kgi 

; ! 50 

1 

L'. 


■ StdtiSiK-ulIv iignincant t F < O.U:;. 


1 
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DISCUSSION 

The P, nuclease enhancemeni version of the "'P-postla- 
belmg assay (Reddy and Randeraih, 1986) is the most sen¬ 
sitive method available for evaluating DNA adducts follow¬ 
ing in vnij exposure to complex mixtures. DNA adducts have 
been observed in experimental animals and humans follow¬ 
ing exposure to a vanety of complex mixtures including 
mainstream cigarette smoke, For example, the presence of 
DN.A adducts in smokers has been reported, with signifi¬ 
cantly lower levels in ex-smokers and nonsmokers (Phillips 
L'l a/. 1988, 1990: Randerath e/<3/.. 1989; Cuzick tV u/., 1990). 
In rodents, adduct formation has been reported in lungs and 
other respiratory tissues (Bond ct a!.. 1989; Gupta e! aL. 

1989; Gairola and Gupta. 1991} following smoke exposure. 
On the basis of these reports, the rat appears to be a suitable 
animal model for molecular dosimetry of covalent DNA 
binding at low concentrations of complex mixtures such 
as ETS, 

DNA adducts generally decrease and eventually disappear 
upon cessation of exposure to genotoxic agents. Adducts in 
cx-smokcrs are reported to be significantly less than in current 
smokers and eventually reach the levels of nonsmokers 
(Phillips ei aL. 1988; Randerath et aL. 19891. In baboons 
exposed to cigarette smoke, DNA adducts disappeared with 
time during smoking cessation (Vtarshall er a/.. 1991). How¬ 
ever. the rate of decrease may depend on the tissues involved. 
Slower disappearance of polycyclic aromatic hydrocarbon- 
DN.A adducts in lung compared to skin has been reported 
iSchokei el aL. 1989), In the present study, 2 weeks were 
insufficient to show a complete disappearance of the adducts 
in eiiher lung or hean from the high-exposure animals. This 
finding is consistent with observ ations reported by others. .A 
decrease in adduct levels was not observed until 4. weeks 
after the cessation of diesel exhaust exposure to rats (Bond 
(7 al.. 1990). Lung DN.-\ adducts from cigarette-smoke-ex¬ 
posed rats remained at the same level 1 week after cessation 
of exposure with a significant decrease after 19 weeks (Gupta 
ei a/.. 1989). 

Rithidech ei al. (1989) exposed animals to approximately 
I no to 200 mg TPM/m^ for 6 hr/day. 5 days/week for 22 to 
24 days and reported an increase in the frequencies of chro¬ 
mosomal aberration in exposed animals. Other cytogenetic 
studies on smoke-exposed rats (Lee a al.. 1990a; Busier. 
1982) and hamsters (Korte et ai.. 19811. however, failed to 
induce chromosome aberration, sister chromatid exchanges, 
or micronuclei formation in bone marrow and iymphocvies. 
Based on these results. P.A.M appears to be a more sensitive 
tissue for measuring the clastogenic potential of inhaled to¬ 
bacco smoke than is bone marrow. In our studv. none of 
the exposed animals, including the highest exposure group, 
yielded Pa,.M wuti increased chromosome aberration. 

Concentrations of ETS in indoor environments vary, but 
average concentrations of respirable suspended particles are 
approximately 0.1 mg,/'m-' (Oldaker, 1989; Oldaker a ai. 


I990a.bi. ,A weakly visible DRZ in lung and heart tissues 
was observed in rats after exposure to .ADSL, hut onls ai ihe 
highest exposure (lO mg WTPM/mN. Although smoke-re¬ 
lated DN.A adducts have been reported in the larynx in hu¬ 
man smokers i Randeraih c/ al.. 1989) and in rats exposed 
to mainstream smoke iGairola and Gupta. 1991). our study 
did not detect DN.A adducts in this organ or liver at the high 
exposure (10 mg WTPVl/m-fi. a lOO-fold exaggerated ETS 
concentration. It is significant that concentrations (0,1 and 
1,0 mg WTP.VUm ’). w hich represent an average level of ETS 
in most places where smoking is allowed and a 10-fold in¬ 
crease in concentration, respectively, did not result in any 
exposure-related adducts. Even in tissues with visible DRZ. 
the level of adducts was near the detection limit. None of 
the concentrations tested significantly increased chromosome 
aberrations in P.aM. Thus, under the conditions of these 
studies. 1.0 mg represents a no-observed-efleet- 

level (.NOEL) for DN.A adduct formation in lung and heart 
and a NOEL of at least 10 mg;'m-’ exists for the induction 
of chromosome aberrations in alveolar macrophages. 
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